We derive a seminonparametric utility function containing the constant relative risk aversion (CRRA) function as a special case, and we estimate the associated Euler equations with U.S. consumption data. There is strong evidence that the CRRA function is misspecified. The correctly specified function includes lagged effects of durable goods and perhaps nondurable goods, is bounded as required by Arrow's Utility Boundedness Theorem, and has a positive rate of time preference. Constraining sample periods and separability structure to be consistent with the generalized axiom of revealed preference affects estimation results substantially. Using Divisia aggregates instead of the NIPA aggregates also affects results.
INTRODUCTION
Euler equation estimation, which has become a mainstay of macroeconometrics, attempts to find the utility function of the representative agent. Whether such an exercise is useful is the subject of some disagreement, with a number of economists skeptical of the representative-agent framework for well-known reasons. We do not join that debate here. Our purpose is to examine some conditions that must be satisfied for Euler equation estimation to be valid once one has accepted the representative-agent framework. Three such conditions occupy our attention: The data must be consistent with the existence of a well-behaved aggregate utility function, the broad categories of goods (such as nondurables, services, and durables) used in estimation must be consistent with the utility function's separability structure, and the aggregation method used to construct categories of goods also must be consistent with that separability structure. A substantial microeconomic literature discusses conditions for the existence of a utility function, its separability structure, and methods for aggregating data. However, that literature generally has been ignored in the Euler equation studies applied to aggregate data, which typically assume (implicitly) that the relevant conditions are satisfied and proceed straight to estimation. In this paper we apply the microeconomic literature to Euler equation estimation. We find that assumptions often made in Euler equation studies using aggregate U.S. data apparently are invalid, and correcting the problems has a substantial effect on estimation results.
A necessary condition for using the representative-agent approach is that there must exist a nonsatiated, continuous, concave, monotonic utility function that is consistent with the data set under examination. Such a utility function exists if and only if the data satisfy the Generalized Axiom of Revealed Preference (GARP); see Varian (1982) . Using tests developed by Varian (1983) , Fleissig et al. (2000) find that the U.S. National Income and Product Account (NIPA) consumption data generally are not consistent with GARP over the full periods of data availability. Estimating Euler equations over those sample periods therefore may be invalid. Over subsample periods for which the data are GARP-consistent, two important results emerge: First, the aggregate utility function is separable in nondurables and services but not in durables; second, durables can be aggregated up to two or three categories of expenditures but not all the way up to one single overall quantity. The first of these results implies that one cannot estimate Euler equations from a utility function (or, strictly speaking, a subutility function) that includes only durables; if durables are to be included, then nondurables and services also must be included. The second result implies that if durables are included, then one cannot use simply an overall aggregate of all durables but instead must enter several subaggregates separately. Also, the method of aggregating the data should be consistent with the utility function's separability structure.
Most published Euler equation studies using aggregate data have ignored the foregoing issues and have used sample periods, separability structures, and/or aggregation methods that apparently are inconsistent with the data. The estimation results of those studies therefore are of uncertain validity. We explore the sensitivity of the results by restricting attention to GARP-consistent sample periods, separability structures, and aggregation methods. We find that doing so affects estimation substantially. We compare results obtained for a standard constant relative risk aversion (CRRA) function with those obtained for a seminonparametric (SNP) function that nests that CRRA.
With no restrictions imposed, the CRRA function appears to be adequate, but as one restricts the sample period, separability structure, and aggregation method to those consistent with GARP, the CRRA becomes misspecified. In contrast, the SNP function is not misspecified. The SNP function is essentially free from specification error (up to a certain structure, discussed later) and allows for nonseparability between expenditure on durable and nondurable goods. The overidentifying restrictions are not rejected, the rate of time preference is significantly positive, and the utility function is bounded, as required by Arrow's (1971) Utility Boundedness Theorem. Lagged durables and possibly lagged nondurables are significant, with coefficients consistent with habit persistence. Estimates of the index of relative risk aversion differ considerably across specifications, data frequency, and separability assumptions. This parameter is central to much applied analysis, such as evaluation of certain kinds of public policies and assessments of some effects of economic development. We find that its magnitude can vary by as much as 30 times across the model specifications we study. We also find that monthly data give results much different from those for annual or quarterly data, whose results are consistent with each other, suggesting a possible problem with the use of monthly data.
The rest of the paper is organized as follows: Section 2 presents the model to be estimated and derives the orthogonality conditions. Section 3 discusses the data and the issues of GARP consistency, separability, and choice of aggregation method. Section 4 presents the estimation results. Section 5 concludes the paper.
MODEL TO BE ESTIMATED

Utility Maximization and Service Flow of Goods
The consumer maximizes the expected value of an intertemporal multigood utility function
where β is the discount factor, c * is a vector of service flows derived from expenditure on the nondurables (c), d
* is a vector of service flows from the stock of durable goods (k), E t (·) is the conditional expectation E t (· | F t ), and F t is the agent's information set at time t. We allow nondurables to generate service flows, both because many goods classified as nondurable have at least some durability [Darby (1974) Dunn and Singleton (1986) ] and because utility may exhibit habit-persistence. Equation (1) is fairly general and includes as special cases many formulations from the literature. 1 We follow the consumption Euler equation literature in ignoring leisure and treating income as exogenous to the household's consumption choice problem.
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The consumer maximizes the expected utility function (1) subject to the periodby-period budget constraint:
where A t is assets, y t is income, r t is the interest rate, c t is expenditure on nondurable and services, d t is expenditure on durable goods, and p d,t is the price of durables in terms of nondurables. The consumer also must satisfy the terminal condition of exactly exhausting the lifetime sources. Using the period-by-period constraint gives the expected lifetime constraint 3 :
The possible sources of uncertainty are future income y t+s , future durables prices p d,t+s , and future interest rates r t+s . We assume at time t, when the consumer formulates a consumption plan, that the agent knows the values of y, p, and r for period t but not for any future period t + s. Data do not exist for consumption service flows from durable goods, and so, we must transform expenditures into service flows. We assume the service flow from the ith nondurable good, c * it , depends on contemporaneous and J lagged expenditures on c it :
If J = 0, then c it generates service flows only in the period of purchase and is literally nondurable. Each durable good evolves according to the usual accumulation equation
where µ i is the rate of depreciation, assumed here to be known a prior. 4 Equation (3) has the solution
We assume that the period t service flow from the ith durable good d * it is proportional to the average stock of the good during the period
in which the only unknown variable on the right-hand side is ν. Collecting all stocks into vectors gives the vector equivalent of (5):
We then can rewrite the utility function as
by substituting (2) and (6) into (1). We can simplify the discussion without loss of generality by considering a composite nondurable c t (a scalar) and a composite durable good d t (also a scalar). Then, equation (7) simplifies to
Seminonparametric Utility Function
We derive a seminonparametric generalization of the CRRA utility function by assuming that conditions for exact aggregation of individual utility functions are satisfied. 5 For example, suppose individual utility is degree δγ homogeneous in c and degree θγ in k; that is, u * is homogeneous of degree (δ + θ)γ . Then, extracting c t and k t from (8) results in
The resulting utility function thus is homothetic (an affine translation of a homogeneous function) and so is consistent with the Gorman (1953) conditions for exact aggregation of individual preferences. Exact aggregation is sufficient but not necessary for constructing an aggregate utility function. The function w(C # , K # ) is unknown but can be approximated with arbitrary accuracy by the multivariate polynomial
where
is itself a polynomial of all possible terms of order λ in the elements of (C # , K # ) and the accuracy of the approximation improves as L increases.
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Under the mild restriction that the ratios c t−h /c t and k t−h /k t (equivalently, the growth rates of c and k) are bounded above and below, the multivariate polynomial is dense in a Sobolev norm. A Sobolev norm requires the function to approximate globally the true unknown function and its derivatives. 8 Approximating derivatives well is important because the Euler equations are obtained by differentiating the utility function. 9 We determine a value for L in (10) empirically by standard upward testing, adding polynomial terms until they are no longer statistically significant.
We can test specific forms of the utility function by restricting the polynomial. For example, the utility function is the standard (multigood) CRRA in c and k only if w(C # , K # ) = 1, which requires either that all polynomial coefficients be zero or that γ = 0. In the latter case, the utility function is logarithmic, which is a special case of the CRRA. We therefore can test the CRRA through the two null hypotheses that the polynomial coefficients all are zero and that γ = 0. Failure to reject either null implies the CRRA.
Orthogonality Conditions
We derive orthogonality conditions from two equilibrium conditions of the model. The control variables are current expenditures on nondurables and durables, c t and d t . Associated with them are two first-order conditions that can be written
and
where r t equals one plus the interest rate and p dt is the real cost of durable purchases. Equation (11) is the intertemporal first-order condition, equating the disutility of foregoing current consumption c t to the expected utility gained from future consumption c t+1 . Equation (12) is the intratemporal first-order condition, equating the marginal rate of substitution of a unit of nondurable consumption for a unit of durable expenditure at time t to the relative price of durables and nondurables. Equation (11) yields one set of testable orthogonality conditions. In contrast, equation (12) is not useful directly for deriving testable restrictions. Because the marginal utility of durables in (12) involves expectations infinitely far into the future, we follow Dunn and Singleton (1986) and use the related condition
where p d * t is the real user cost of durables,
. This condition compresses all expectations about the future into p d * t , which involves only an expectation one period into the future.
The orthogonality conditions for our general SNP utility function given by (9) and (10) are cumbersome, and so, to give an example, we report here the conditions when (10) is quadratic and nondurables provide service flows for, at most, two periods (i.e., J = 1). In applications, more lags may be required. Under this example, the SNP utility function is for j = 0 or 1. Substituting (15) into (11) gives the intertemporal orthogonality condition used in estimation. The SNP utility function (14) does not contain the service flow variable d * , which has been replaced by k t and k t−1 using (5). We obtain from (14)
for j = 0 or 1. Substituting (16) and (15) with s = 0 into (13) gives the intratemporal orthogonality conditions used in estimation.
DATA AND SEPARABILITY
Having derived the seminonparametric generalization of the CRRA, we now need aggregate data to estimate the Euler equations. To keep estimation tractable, we must reduce the thousands of goods consumed to a small number of aggregates.
We thus must choose a sample period to analyze, a set of aggregates to construct, and an aggregation method for constructing them. The typical approach is to use the longest sample period for which data are available, the groups of goods reported by NIPA (such as nondurables, services, and durables), and the aggregation method (Laspeyres quantity aggregates) that NIPA uses to construct those groups. This approach simply assumes, without any formal testing, the existence of a well-behaved aggregate utility function with an appropriate separability structure. An alternative approach is to examine the properties of the data with formal tests. Such tests can be either parametric or nonparametric. Parametric tests [e.g., Eichenbaum and Hansen (1990) ] are attractive in that they are stochastic and have asociated with them the usual well-defined statistics. They have the limitation that one must write down explicit functional forms to test; failure to include the true form may lead to meaningless results. Varian's (1982 Varian's ( , 1983 nonparametric tests have the opposite characteristics. They are attractive in that they are totally independent of the underlying form of the utility function, but they have a shortcoming in that they are nonstochastic and so have no associated statistics of significance. None of the three possible specification approaches (no testing, parametric testing, nonparametric testing) is perfect. We base the analysis in this study on Varian's nonparametric tests and use the results of Fleissig et al. (2000) . We turn now to a brief discussion of the methodology underlying those constructs. Varian's (1982 Varian's ( , 1983 nonparametric approach tests the existence of a utility function that "rationalizes" a set of data, that is, that yields the observed consumption path as the optimal path among all feasible paths. The nonparametric tests do not depend on the form of the utility function. Varian has provided a computer program, NONPAR, for conducting the tests.
Nonparametric Tests
A limitation of NONPAR, already mentioned, is that the tests are deterministic rather than statistical. According to the tests, if even a single violation of revealed preference is found, GARP is rejected. Is one rejection out of the hundreds or thousands of inequalities imposed by GARP really a rejection? This question cannot be answered in the usual way of checking against a significance level. No distribution theory has yet been developed for the NONPAR tests, and so, there are no confidence intervals or levels of significance for test results. The NONPAR program tests the sufficient condition but not the necessary condition, making interpretation of rejections of GARP difficult. In particular, measurement error could lead to spurious conclusions concerning GARP consistency. However, if conclusions regarding GARP consistency arise solely from measurement error, which is random, we would not expect to see them vary in a systematic manner. We therefore report below the results of Euler equation estimation conducted over three increasingly GARP-consistent samples and check if the results change in a systematic manner across the various samples. If they do, it is less likely that measurement error is the reason for the GARP-inconsistency of the less consistent sample periods. In fact, the tests show just such systematic behavior, suggesting that measurement error is not the driving force behind our results.
The derivation of GARP assumes certainty. A rejection of GARP might arise solely because agents' state of uncertainty differed in two periods, leading them to choose different consumption bundles even if they face the same relative prices in the two periods. In such a case, our tests would indicate a failure of GARP even though the true aggregate utility function was unchanged and was consistent with the data in both periods. If this sort of problem is serious, then our GARP tests will be largely spurious and should have no systematic relation to the results we obtain from Euler equation estimation. In particular, we should see no systematic change in estimation results as we restrict the estimation to sample periods that are increasingly GARP-consistent. That we do find this kind of systematic change suggests again that the GARP tests are valid.
The tests have some limitations, but the alternative of not testing at all seems considerably more limited.
GARP-Consistency of the NIPA Data
Fleissig et al. (2000) apply NONPAR to the NIPA data on consumption. The GARP tests require prices for all goods. The relevant price for the stock of durables is the user cost, which involves expectations about future prices of the goods in question. Fleissig et al. examined perfect foresight (assumes the current expected value equals the realized future value of the random variable), static expectations (assumes the current expected value equals the current realized value, which is optimal if the random variable is a driftless random walk), and ARIMA models of expectations. They found that ARIMA models gave negative user costs and yielded results essentially like those obtained from perfect foresight. We therefore confine attention to perfect foresight and static expectations in the empirical work that follows.
The revealed preference tests of Fleissig et al. are for monthly (1959 Fleissig et al. are for monthly ( :1-1990 Fleissig et al. are for monthly ( :12), quarterly (1959 Fleissig et al. are for monthly ( :1-1990 Fleissig et al. are for monthly ( :4), and annual (1929 Fleissig et al. are for monthly ( -1990 data. All of the data fail GARP over the full periods of data availability, except for static expectations for annual data, but pass over various subsamples. For annual and quarterly data, there are long GARP-consistent subsamples under both expectations schemes. Under static expectations, the quarterly (1960:1-1990:4) data, and annual (1929-1990 ) data are consistent with GARP.
10 Two subsamples are GARP-consistent under perfect foresight: quarterly (1960:1-1980:4 and 1981:4-1990:4) and annual (1935-1981 and 1982-1990 ) data. For monthly data, there is no GARP-consistent subsample of any econometrically usable length under static expectations, but there is a 20-year GARP-consistent subsample of 1970:5-1990:12 under perfect foresight.
Separability of the Utility Function
Weak separability of the utility function is a necessary condition for aggregation. Goods within a group can be substituted for each other with no regard for the allocation of goods excluded in that particular group. This kind of substitutability is justified only if the utility function is weakly separable in the appropriate groups of goods; see Gorman (1959) . Varian (1983) provides tests of separability, and Fleissig et al. (2000) have applied them to the NIPA consumption data. For annual data, the utility function is separable in (nondurables, services), (motor vehicles), (other autos), and (remaining durables), and for quarterly data the function is separable in (nondurables, services), (motor vehicles), and (furniture, remaining durables). Thus the utility function has four arguments with annual data and three with quarterly data. Also, durables are never separable from nondurables and services, as some of the existing literature has assumed.
For monthly data, there is no separable utility function, which means no aggregation at all is permissible. This result raises questions about the validity of results based on monthly data reported in the literature, which generally uses aggregates of goods that omit durables. Fleissig et al. feel that the monthly data are simply inadequate for econometric use, and their conclusion is buttressed by Wilcox's (1992) closely related criticisms of the data. Despite these difficulties, we use monthly data to compare the results of our methods with those of the literature and also with our own results from the annual and quarterly data.
Aggregation Method
The Commerce Department uses Laspeyres quantity indices to construct the NIPA data, 11 but several better aggregation methods exist. One alternative is Divisia aggregation, which is superlative or exact for a flexible form [Diewert (1976 [Diewert ( , 1978 ], allows for less than perfect substitution, and is derived from the firstorder conditions of consumer optimization; see Barnett et al. (1992) . Moreover, the Divisia index provides a second-order approximation to an arbitrary unknown aggregator function, whereas the Laspeyres quantity index can only give a firstorder approximation. To see what difference the aggregation method makes, we compare results from NIPA aggregates and Divisia aggregation.
ESTIMATION RESULTS
We turn now to the estimation. We seek answers to three groups of questions: (1) Are the estimation results affected by imposing GARP-consistent sample periods and separability structures, (2) does the SNP utility function offer significant improvement over the standard CRRA function, and (3) what are the final estimation results and their implications?
We follow Dunn and Singleton (1986) in scaling the orthogonality conditions to correct for nonstationarity induced by economic growth. The scaling is done by dividing (15) and (16) ( p dt d t ) . The disturbances then will be stationary if purchases of nondurables and durables grow according to geometric trends. Estimation is by iterated GMM using TSP International. The convergence criterion is set at 0.0001. To correct for any autocorrelation in the errors, we use Gallant's (1987) estimator for the weighting matrix. The data are from NIPA.
As mentioned earlier, we add terms to the polynomial (10) until they no longer are statistically significant. We started with the quadratic (14), but none of the quadratic terms ever was significant, so we report here only the fits for the linear model. The final utility functions for annual and quarterly data are, respectively, 
We discuss the monthly equation later.
Annual Data
We impose the separability structure found by Fleissig et al. and use as arguments of the utility function (nondurables and services), (motor vehicles), (other autos), and (remaining durables). The latter three together constitute the set of durable goods, but the separability tests indicate that they must not be aggregated into one overall durable good. Later we explore the consequences of using such an overall aggregate. We estimate Euler equations derived from (17) over both GARP-consistent and total sample periods and also with both NIPA and Divisia aggregation to compare results. Estimates of the CRRA parameter γ and the diagnostic test statistics differ substantially across sample periods and expectations methods, but the other parameter estimates and their standard errors are about the same. Therefore, for comparing fits, Table 4 presents only the estimates for γ and the test statistics; estimates of the other parameters will be discussed presently. Panel A of Tables 1 and 2 presents the results for the annual data. The joint test for the SNP polynomial terms always strongly rejects the null hypothesis of insignificance (Wald1, Table 1 ). Thus the CRRA specification often used in the literature [e.g., Hansen and Singleton (1983) , Dunn and Singleton (1986) ] seems misspecified for the annual data. We discuss the consequences of using the CRRA presently.
The concavity tests (Table 2 ) report percentage of years for which the Hessian was not negative semidefinite. Under static expectations, the full sample is GARPconsistent, so only one set of concavity results is reported. The concavity results suggest that the SNP function is inconsistent with the data under static expectations. Under NIPA aggregation, the SNP function fails concavity 50% of the time, and under Divisia aggregation, it fails 100% of the time. Under perfect foresight, the full sample is not GARP-consistent, and so, Table 2 reports three sets of results: one for the full sample (the one used in most of the literature), one for a possibly GARP-consistent sample, and one for the longest definitely GARPconsistent sample. Imposition of GARP-consistency has dramatic effects. Over the full sample, neither the CRRA nor the SNP ever fails the concavity restriction. As the sample is made more GARP-consistent, the SNP function begins violating the concavity restriction with NIPA data. Over the partially GARP-consistent and full sample, it violates 38% and 100% of the time, respectively. In contrast, the SNP function never violates concavity when aggregation is by Divisia. We have strong prior reasons to prefer Divisia aggregation, and so, it seems that the Divisia results are the relevant ones and that the SNP function passes the concavity tests. Apparently, both GARP-consistency and the aggregation method make a difference to estimation results.
The only SNP function that produces useful estimates for the annual data is that for the 1935-1981 sample under perfect foresight and Divisia aggregation. Table 3 reports the full estimation results for the Euler equations derived from (17) in that case. Wald2 is a joint test of the significance of the durables polynomial coefficients a 2 , a 3 , and a 4 , and Wald3 is a t-test of the significance of the nondurables and services coefficient a 1 . The null hypothesis is rejected, indicating significance of coefficients. Their negative signs are consistent with habit persistence. The parameter γ is significantly different from zero, and so, consumer preferences are not logarithmically separable over the annual data, which contradicts the results reported by Dunn and Singleton (1986) for monthly data. The discount factor β is significantly below one, implying a significantly positive rate of time preference, a result frequently not found in the literature.
The standard CRRA is not rejected by the overidentifying restrictions or the concavity tests (except for NIPA aggregation under static expectations). Furthermore, the estimates of the parameters δ, θ 1 , θ 2 , and θ 3 are much the same as with the SNP function. However, the CRRA specification is rejected, for the Wald1 test strongly supports significance of the SNP linear polynomial terms. The main difference between the CRRA and SNP functions is the very different estimates of γ . For the CRRA, γ always is positive except under NIPA aggregation with static expectations, when it is insignificantly negative. In contrast, γ always is significantly negative for the SNP utility function.
This difference in the sign of γ has an important economic implication. Under quite mild restrictions on preferences and probabilistic beliefs, any preference ordering can be represented by a utility function and conversely. Arrow (1971) calls this conclusion the Expected Utility Theorem. Arrow proves the remarkable Utility Boundedness Theorem, which states that any utility function satisfying the conditions of the Expected Utility Theorem must be bounded above and below. Boundedness of both CRRA and SNP utility depends on the sign of γ . When γ is positive, both functions are unbounded above as consumption goes to infinity but bounded below (by −1/γ ) as consumption goes to zero, whereas both are bounded above (again by −1/γ ) but unbounded below when γ is negative. Unboundedness below as c goes to zero is not important, because both utility functions can be made bounded below by a minor translation that has no impact on any other important properties of the utility function or on estimation. 12 Our estimates of γ then imply that the CRRA is unbounded above and inconsistent with Arrow's Theorem, whereas the SNP function (17) is bounded above and consistent with the theorem.
There are two ways to look at the differing results for static expectations and perfect foresight. An SNP function can globally approximate the "true" utility function arbitrarily well; given the insignificance of higher-order terms, our linear polynomial SNP therefore should be very accurate. If one is willing to maintain the hypothesis of maximization of concave utility by a representative agent, then the concavity failures under static expectations indicate the inadequacy of that expectations scheme. On the other hand, if one is not willing to take a stand on the validity of either expectations scheme (because neither really is likely to be correct), then the differing concavity results leave open the question of whether maximization of a concave utility function by a representative agent is a useful model of the aggregate data.
Finally, the NONPAR tests assume time-separable preferences. A failure of GARP might therefore indicate that preferences are not time-separable rather than that no rationalizing utility function exists at all. Our results, taken as a whole, suggest that is not what is going on. If non-time-separability were the reason for the GARP failures, then the nonseparable SNP function should take care of the problem and should show no systematic differences in estimation results over increasingly GARP-consistent sample periods. As we have seen, however, such differences do occur, strikingly, implying that GARP-inconsistency really does indicate nonexistence of a rationalizing utility function over the sample periods in question.
Quarterly Data
With quarterly data, Fleissig et al. find the utility function is separable in (nondurables, services), (motor vehicles), and (furniture, remaining durables). The results are essentially the same as for the annual data. For GARP-consistent samples and Divisia aggregation, we have no violations of concavity at all, irrespective of expectations scheme. Thus, there is no conflict in the concavity results for the two expectations schemes, in contrast to the annual data. Also, for GARPconsistent samples and Divisia aggregation, Wald1 implies significance of the SNP linear polynomial terms. Once again, we see important effects of imposing GARPconsistency and appropriate aggregation: For perfect foresight expectations, Wald1 fails to reject the null of insignificance for the SNP polynomial under NIPA aggregation, irrespective of sample period, and for Divisia aggregation over the GARPinconsistent sample period. As with the annual data, the overidentifying restrictions never are rejected. Also, the estimates of γ always are significantly positive for the CRRA and significantly negative for the SNP (except for Divisia perfect foresight over the GARP-inconsistent sample period, when γ is insignificantly negative).
The Divisia, GARP-consistent estimates are reported in Table 3 for both static expectations and perfect foresight. There is no substantive difference between the two sets of results, and so, it does not matter much that we have no way to choose between them.
In summary, the results for quarterly data are essentially the same as those for annual data. The only substantive difference between them is that the a 1 coefficient on nondurables and services is insignificant for the quarterly data, in contrast to the result for the annual data. This result is a bit odd in that it implies that consumers display habit persistence in durables but not in nondurables and services. Why such a dichotomy should prevail is unclear.
Monthly Data
Much of the Euler equation literature has used monthly data [e.g., Singleton (1982, 1983) , Dunn and Singleton (1986) , Eichenbaum et al. (1988) , Gallant and Tauchen (1989) , and Eichenbaum and Hansen (1990) ]. Monthly data are appealing because it seems likely that they are closer to the decision period of the representative agent than are either quarterly or annual data. However, Fleissig et al.'s (in press) results suggest that monthly data are mostly inconsistent with GARP and may be inappropriate for Euler equation estimation. Also, no groupings of the monthly data satisfied the GARP separability tests, which means that utility function estimation ought to use as independent consumption variables all 13 categories of consumer expenditures reported by Citibase. No previous Euler equation studies have taken account of these characteristics of the data. All have used sample periods inconsistent with GARP, and all have used aggregates of consumption inconsistent with the separability results (typically total expenditure on nondurables and services as one variable and in some cases total expenditures on durables as another).
Under perfect foresight, we use a moderately long sample of 1970:5-1990:12 for the monthly data and also report for comparison purposes results for the sample 1960:1-1990:12, which is the longest GARP-consistent sample for the quarterly data. We use the same groupings as for the quarterly data: (nondurables, services), (motor vehicles), and (furniture, remaining durables) because entering the 13 categories of consumption expenditure would make the problem intractable.
The monthly results are reported in Tables 1C and 2C . Concavity is violated in every case except for the SNP utility function under NIPA aggregation with static expectations over a GARP-inconsistent sample period. The overidentifying restrictions always are strongly rejected. The model clearly is unacceptable.
If we had only the monthly results, we would be unable to say much about why the model fails. It could be that there are problems with the data, or it could be that the model is misspecified. However, based on the results of Fleissig et al. (in press) and Wilcox (1992) , it seems most likely that the monthly results stem from problems with the data. The annual and quarterly results are consistent with each other and differ sharply from the monthly results.
Separability and Excessive Aggregation
Through all the foregoing tests, we impose the separability structure suggested by Fleissig et al.'s (2000) GARP tests. Several articles in the literature have used a single total measure of durables, and so, we now turn to a brief examination of how sensitive the estimation is to overaggregating durables into a single quantity. Table 4 reports the results. Point estimates of γ usually are substantially larger than in Table 1 , sometimes over 30 times as large; they also sometimes have the opposite sign from the corresponding estimates in Table 4 . These differences often are statistically significant. For the quarterly data, there are some rejections of the overidentifying restrictions, whereas previously there were none. Overaggregation therefore does lead to some deterioration of the estimation.
The differences between the magnitudes of γ reported in Tables 1 and 4 are economically significant. In steady state, γ − 1 is both the index of relative risk aversion and the elasticity of marginal utility with respect to total expenditure. Both interpretations make γ useful in applied economic analysis. For example, interpreted as the index of risk aversion, γ is used in evaluating public policies that affect the probability of uncertain events [Freeman (1993) ]. Interpreted as the elasticity of marginal utility of total expenditure, γ is used to assess the effect of economic development on patterns of consumption [Lluch et al. (1977) ]. Changing the magnitude of γ by a factor of two or three would have a substantial impact on any such evaluation, but the estimated magnitude of γ changes by a factor of 30 or even more simply because of overaggregation of durable goods. Clearly, failure to restrict the estimation appropriately has an effect on results that is economically important.
CONCLUSION
In this study, we derive an SNP utility function to explore several issues in Euler equation estimation and to examine the adequacy of the often-used CRRA utility function. We find that estimation results are sensitive to restricting sample periods to be consistent with GARP, to the separability structure imposed on the utility function, and to the aggregation method used to construct the U.S. consumption data. We also show that the SNP function can reverse conclusions from the CRRA often found to be inconsistent with economic theory. Our results suggest that the CRRA function is severely misspecified. The main results are summarized below:
(1) According to microeconomic theory, a nonsatiated, continuous, concave, monotonic aggregate utility function does not exist unless the data satisfy GARP. Evidence presented by Fleissig et al. (in press) suggests that the NIPA data on consumption generally do not satisfy GARP over the full periods of data availability. That evidence presumes a time-separable utility function and can only be treated as a guideline for our estimation of the non-time-separable SNP function. However, using GARP tests is preferable to the usual approach of doing no testing at all and is not obviously inferior to the alternative approach of using parametric tests. Our results suggest that restricting sample periods to those consistent with GARP has important effects on estimation results.
(2) Tests of the utility function's separability structure suggest that it has as arguments two or three separate categories of durables. Using a single aggregate of total durable expenditure leads to a deterioration of results, although the effects are not as severe as using GARP-inconsistent sample periods. (3) Aggregation theory suggests that the aggregate Laspeyres quantity indexes used by NIPA are deficient. No other Euler equation study except for that by Hayashi (1982) has used anything but NIPA aggregation. We find, as did Hayashi, that using Divisia aggregates instead of NIPA aggregates affects the results. (4) Our results are consistent with those of Fleissig et al.'s (1997) conclusion that monthly NIPA data are of little value in empirical work. The annual and quarterly estimation results are well behaved and mutually consistent; the monthly results are not well behaved and are inconsistent with those for annual and quarterly data. (5) When we confine attention to appropriate sample periods, separability structures, and aggregation methods, and to annual and quarterly data, we find that the CRRA utility function is rejected in favor of an SNP form that nests the CRRA. The preferred SNP function includes a linear polynomial in lagged service flows from nondurables and durables. The nondurables term is marginally significant in the annual data but not in the quarterly data, suggesting that measured nondurables may contain durable elements but probably do not. The durables term in the SNP function always is significant. (6) The SNP function is bounded, whereas the CRRA is not. Boundedness is required for a utility function to be consistent with certain aspects of behavior toward risk [Arrow (1971) ]. Our overall conclusion is that imposing the restrictions implied by revealed preference theory has significant effects on estimation, leading to results often different from those reported in the existing literature. This conclusion suggests a need for further research on two fronts. First, revealed-preference theory needs to be extended. The existing theory presumes time separability, but our evidence, as well as that in previous empirical literature, supports non-time-separability of preferences. Nonetheless, restricting estimation of our non-time-separable utility function to sample periods and separability structures consistent with the current, theoretically limited version of GARP substantially affects estimation results. The nonparametric test results concerning GARP inconsistency of the data and the utility function's separability structure across goods thus seem to reflect something more than the failure of those tests to account for non-time-separability. It therefore would be most useful to extend revealed-preference theory to encompass nontime-separable preferences. Second, further empirical research should examine the sensitivity of our results to alternative instrument sets and the inclusion of leisure in the utility function.
NOTES
1. For example, Hansen and Singleton (1982) and Gallant and Tauchen (1989) are special cases that omit durable goods, and Eichenbaum and Hansen (1990) and Dunn and Singleton (1986) only consider two composite goods: (1) services plus nondurables and (2) durables. There are four equations and nine instruments. CRRA has five parameters; SNP has nine parameters. Therefore, CRRA has 4 × 9 − 5 = 31 overidentifying restrictions, and SNP has 4 × 9 − 9 = 27 overidentifying restrictions. 
. . , 4 and where c 1t = aggregate of nondurables and services, c 2t = aggregate of motor vehicles, c 3t = aggregate of other durables, p it i = 1, 2, 3 are the corresponding price aggregates. There are three equations and seven instruments. CRRA has four parameters; SNP has seven parameters. Therefore, CRRA has 3 × 7 − 4 = 17 overidentifying restrictions, and SNP has 3 × 7 − 7 = 14 overidentifying restrictions. 1931-1990 1935-1990 1935-1981 SSE  100  2  --DSE  100  84  --SPF  100  22  48  26  DPF  100  100  100  45 a Numbers are percentages of observation periods for which the Hessian matrix was not negative semidefinite. b DPF = Divisia perfect foresight, DST = Divisia static expectation, SPF = NIPA perfect foresight, and SST = NIPA static expectations. c θ 2 = 1 − δ − θ 1 because the parameters are constrained to result in degree-one homogeneity; c = aggregate of nondurables and services; k1 = motor vehicles; and k2 = other durables. 
